Disposable reversed-phase chromatography columns were tested for their effectiveness in removing unreacted trichloroethanol (TCE) from derivatized samples for gas-liquid chromatography analysis. Derivatized acidic chloroform extracts of saponified whole cells of Mycobacterium species, spent culture media, and derivatized acidic chloroform extracts of serum and cerebrospinal fluids from patients with tuberculous meningitis were tested. Samples were added to preconditioned reversed-phase chromatography columns, and various solvents and solvent mixtures were tested to determine maximum recovery of the TCE derivatives. With this procedure, we were able to quickly remove the TCE reagent and efficiently recover TCE-derivatized carboxylic acids. Use of these columns improved the reagent cleanup procedure, simplified the derivatization step, permitted increased detection of trace components, such as tuberculostearic acid, in body fluids, and improved the selectivity of the procedure for detection of carboxylic acids.
One problem associated with derivatization of sample extracts for analysis by frequency-pulsed electron-capture gas-liquid chromatography (FPEC-GLC) is the removal of excess electron-capturing reagent. Failure to remove excess reagent limits the amount of sample that can be analyzed and thus reduces detection of important metabolites that may be present in body fluids at femtomole (10-') or picomole (10-12) quantities. Disposable reversed-phase chromatography (RPC) columns were tested for their effectiveness in the removal of unreacted trichloroethanol (TCE) from derivatized samples. The basis for reversed-phase sorbent extraction is that the solid phase has a greater attraction for the TCE-derivatized acid than for the solvent in which the derivative is dissolved (5). The RPC column makes use of a solid phase of silica to which is bonded packing material with hydrophobic functionality. Usually the RPC column material has a 2-, 8-, or 18-hydrocarbon chain functional group which is bonded to the solid silica. If it is necessary to remove unreacted TCE from the derivatized sample, an RPC column-packing material is chosen that is nonpolar, and the polar TCE reagent is bound to the column by hydrophilic interaction. The less polar acid TCE esters are subsequently eluted with a solvent of low polarity. Elution can be accomplished by choosing an appropriate nonpolar solvent (hexane) or by a combination of solvents such as methanolchloroform (MeOH-CHCl3) which selectively elute shortchain, more polar TCE esters (C2 to C6) or long-chain, less polar TCE esters (C7 to C22). The purpose of this investigation was to determine the effectiveness, practicality, and time-saving features of RPC columns for the removal of unreacted TCE reagent. A further goal was to simplify the derivatization procedure previously described (1) by eliminating certain time-consuming steps. * Corresponding author.
MATERIALS AND METHODS
Body fluids, spent culture media, or saponified cellular material (2 ml) was adjusted to pH 2 with 0.1 ml of 50% (vol/vol) sulfuric acid-distilled water. Internal standards were added (1), and the sample was extracted with nanograde chloroform (CHCl3; Mallinckrodt, Inc.) to obtain carboxylic acids as previously described (1-3). The acidic CHCl3 extracts were then derivatized with TCE to form highly electron-absorbing TCE esters of the carboxylic acids. The TCE derivatives were prepared by one of the following procedures. Procedure 1. The acidic CHCl3 extract (20 ml) was evaporated with clean dry air to 25 ,ul as previously described (1) . Then, 25 ,ul of a freshly prepared mixture (1:9) of TCECHCl3 was added to the sample. Next, 30 ,ul of heptafluorobutyric anhydride was added to catalyze the TCE esterification, and the reaction was permitted to stand for 30 min. CHCl3 (200 ,ul) was added, and the derivatized sample was acid and base washed to remove excess heptafluorobutyric anhydride as previously described (1 (Fig. lA) . Moderately polar solvents, such as CHC13, did not elute the excess TCE reagent and also reduced the recovery of shorter-chain acid derivatives (C2 to C1O) on the C2 RPC column (Fig. lB) . Loss of these short-chain acids might be desirable if the major purpose were to test for long-chain (ClO to C20) acids, which are found in whole bacterial celis. Selective elution was tested for recovery of the shorter-chain acids by combining MeOH-CHC13 in ratios of 30:70 (vol/vol) (Fig. 1C) Fig. 2A ) and derivatized acids with chain lengths up to C10 were retained by the C18 RPC column, whereas acids with chain lengths longer than C10 were released (Fig. 2B) . The C8 RPC column retained unreacted TCE and derivatized acids with chain lengths up to C8 and released acids with chain lengths longer than C8 (Fig. 2C) . The C2 RPC column retained unreacted TCE and derivatized acids with chain lengths up to C6 and released acids with chain lengths longer than C6 (Fig. 2D) . Because the C2 RPC column retained the unreacted TCE and re- leased more of the shorter-chain acids, it was chosen for routine use to clean up derivatized samples of body fluids which had been derivatized previously by procedure 1. Once the cleanup of these samples was accomplished, we began research in the use of RPC columns to shorten the derivatization steps described for procedure 1. We found that the solvent system described for procedure 2 gave the minimum loss of the TCE esters and removed the most unreacted TCE. Figure 3A shows the results obtained under the best solvent conditions with no xylene-air evaporation before the TCE-derivatized sample was added to the RPC column. Observe that there is a noticeable tailing and overloading of the columns from the excess (unreacted) TCE. The results obtained when the xylene-air evaporation was omitted after the sample had been eluted from the column are shown in Fig. 3B . Figure 3C shows the results obtained when xylene- Fig. 1. A , B, and C, TCE derivative passed through C18 RPC column with preand postcolumn xylene-air evaporation cleanup. air evaporation was done both before and after the sample was put through the RPC column. The xylene-air evaporaticn step with the sand bath (100°C) and clean dry air was easy to accomplish and reproducible. Figures 4A, B , and C show the degree of reproducibility obtained in three separate derivatizations with the C18 RPC column and the xylene-air cleanup described for procedure 2. Shown in Fig. 5A and B are chromatograms of cerebrospinal fluid from a patient with suspected tuberculous meningitis derivatized and processed through the C18 RPC column as described for procedure 2 
